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[0001] 

SELF-LIMITING CATALYST SYSTEM WITH 
CONTROLLED ALUMINUf\'1 TO SCA RATIO AND METHOD 

REFERENCE TO RELATED APPLICATION 

This application claims the benefit of U.S. Provisional Application 

No. 60/957,888, fiied on August 24, 2007; which application is fully incorporated herein by 

reference. 

BACKGROUND 

[0002] The present disclosure relates to stereoselective Ziegler-Natta catalyst 

compositions and polymerization reactions utiJizing the catalyst composition. 

[0003] Zlegler-N-atta propyTle.r1e polymerization catalyst. c-otnpositions are ~~own in 

the art. Typically, th(~se compositions include transition metal moieties, such as titanium, 

magnesium and halide moieties in combination \.vith tm intema! electron donor (referred to as a 

procatalyst); a co-catalyst, usually an organoaluminum compoimd; and a selectivity contrnl agent 

(SCA). It is fu.rther known to utilize an SCA that is a mixture of two or more components in 

order to modify catalyst activity and/or adjust polymer properties. Problemati<; is the selection of 

suitable SCA mixtmes as an SCA component which is effective with respect to one process or 

product parameter is oftentimes detrimental to another process or product parameter. 

[0004] For example, third generation Ziegler-Natta catalysts typically contain a 

benzoate as an internal donor and use a benzoic acid ester (such as ethyl p-etboxybenzoate) as an 

SCA component. This provides a selt~extinguishing property to the catalyst. Benzoic add 

esters, hmvever, impart an undesirable odor to the fonned polymer, This odor is detrimental as it 

limits the use of the formed polymer, In addiiion, the catalyst activity and stereoselectivity for 

third generation Zicgler-Natta catalysts is low. Furthermore, 1,vhen henzoic acid-based SCAs are 

used with fourth generation catalysts that contain a phthalate as internal donor, the 

stereoselectivity of the polymer generated is too low for practical applications. 

[0005] It would be desirable to develop a Zieg1er-Natta catalyst composition with 

improved catalyst activity and improved productivity without sacrificing operability. Also 

desired is a catalyst composition that does not convey undesirable properties upon the resultant 

polymer. 
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SUMMARY 

[0006] The present disclosure is directed to a catalyst composition 1Nith high catalyst 

activity that is self~extinguishing. The present catalyst composition produces a polypropylene 

homopolymer with high isotacticity, or a polymer containing propylene and one or more 

additional comonomers. 

[0007] In ai1 embodiment, a catalyst composition is provided for the poiymerization 

of propylene. The catalyst composition inc.ludes one or more Ziegler-Natta procatalysts, one or 

more cocatalysts, and a selectivity control agent (SCA). The Ziegler-Nati.a procatalyst contains 

one or more transition metal compounds and one or more esters of aromatic dicarboxylic acid 

internal electron donors. The cocatalyst is one or more aluminum containing compounds. The 

SCA is a mixt1ire of an activity limiting agent (ALA) such as a (\-C30 aliphatic acid ester and a 

silane c.ornposition. The catalyst composition has a molar ratio of aluminum to total SCA from 

0.5:1to4:1. In an embodiment, the molar ratio of aluminum to total SCA is from 1:1to3:1 or 

2.5: 1. 

[0007a] In an aspect, there is provided a catalyst composition comprising: 

one or more Ziegler-Natta procatalyst compositions comprising one or more transition metal 

compounds and one or more esters of aromatic dicarboxylic acid internal electron donors; 

one or more aluminum containing cocatalysts; and 

a selectivity control agent (SCA) comprising a mixture of i) an activity limiting agent (ALA) of 

isopropyl myristate, and (ii) a silane composition of a first alkoxysilane, and a second 

alkoxysilane, wherein the molar ratio between the first alkoxysilane to the second alkoxysilane is 

from 9:1to1:9, and a molar ratio of aluminum to total SCA from 0.5:1to4:1. 

[0008] In an embodiment, The catalyst composition has a molar ratio of a!uminnm to 

total SCA from 0.5: 1 to 50: 1 when the ALA is a (poly)(alkylene glycol) ester of C4-C30 aliphatic 

acid. The molar ratio of aluminum to total SCA can be from 0.75:1 to 30:1or1:1 to 20:1. The 

catalyst com.position is self-exth1guishing. 

[0009] In an embodiment, the polymer formed from the catalyst composition does not 

have an odor, Suitable compositions for use in the SCA that yield an odor-free polymer include 

C30 aliphatic acid esters, C8-C10 aliphatic acid esters, C2-Cw aliphatic alkyl esters of Cs-CJo 

aliphatic acids, (poly)(alkylene glycol) mono- or di-esters of C4-C.io aliphatic. acids, and 

polyether componnds that contains 2 or more ether linkages. 
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[00010] ln an embodiment, the C4-C30 aliphatic ester may be isopropyl myristate, di-n­

butyl sebaca!e, a (poly)(alkylene glycol) mono- or di-myristate, and combinations thereof. In a 

farther embodiment, the silane composition is dicyclopentyldimethoxysi!ane, 

methylcyclohexyidimethoxysilane, or n-propyltrimeH1oxysilane. 

[00011] In an embodiment, the silane composition is a mixture of one or more 

alkoxysilanes. The silane composition may be a blend of dimethyldimethoxysilanc with 

dicyclopentyldimethoxysilane, methykyclohcxyldimethoxysilane, and/or n­

propyltrimethox.ysilane. In another embodiment, the silane composition may be a blend of 
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dic)rclopentyldin1ethoxysilai1e vv'ith n1etbylcyclohcxJ'ldiethoxysllane, n-propyltriethoxysilan(\ 

telramethoxysilane, teiraethoxysilane, di-n-buty!dimethoxysilane, and/or 

diisobutyldiethoxysilane. 

[00012] In an embodiment, the SCA includes 60-97 mole percent of the C4-C30 

aliphatic ester and 3·'40 mole percent silane composition. In addition, the molar ratio of 

aluminum to alkyl ester of C4- C30 aliphatic acid may be from 5.3 to 0.5:L TI1e molar ratio of 

aluminum to silane composition may be from 120: 1 to 1.25:1. 

[00013] ln an embodiment, the catalyst composition contains isopropyl myristate and 

dicyclopentyldimethoxysilane. In a further embodiment, the ''atalyst composition contains di-n­

butyl sehacale and dicyclopentyldimethoxysilane. 

[00014] The present disclosure also provides another catalyst composition. The 

catalyst composition may be used for the polymerization of propylene and includes one or more 

Ziegler-Natta procatalyst compositions containing one or more transition metal compounds and 

one or more esters of aromatic dicarboxylic acid internal electron donors. One or more 

alun1i11um containing cocatalysts and a selectivity control agent (SCA) are Jiresent in the catalyst 

composition. The SCA is a mixtme of a non-ester composition and a siiane composition. The 

molar ratio of alumimm1 to total SCA is from 0.5: l to 4: 1. 

[00015) The non-ester comi1osition may be a polyether compound which include 

dialkyl diether compound. For example, the non-ester composition may be 2,2-diisobntyl-1,3-

dimethoxypropane or poly(alkene glycol) material. 

[00016] 

[00017] 

In an embodiment, the SCA may also include an activity limiting agent. 

The present disclosure provides another catalyst c.omposition. The catalyst 

composition may be used for the polymerization of propylene and includes one or more Ziegler­

Natta procatalyst compositions. The Ziegler-Natta procatalyst composition contains one or more 

transition metal compounds and one or more esters of aromatic dicarboxylic acid lntemal 

electron donors. One or more aluminum containing cocatalysts and a selectivity control agent 

(SCA) are included in the catalyst composition. The SCA includes a alkoxysilane composition 

that is a first alkoxysilane and a second alkoxysilane and an ALA. 

[00018] In an embodiment, the first alkoxysilane is dimethyidimethoxysiiane, 

diisopropyldimdhoxysilane, dicyclopentyldimethoxysilane, or 

bis(perhydroisoquino!ino )dirnethoxysilane. The second alkoxysilane 1s 

mt~thylcyclohexyldimethoxysilane, tetraethoxysilane, and/or n-propyltriethoxysilane, . Any one 
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or more first alkoxysilanes may be mixed with any one or more se.cond alkoxysilanes to form the 

SCA .. 

[00019] ln an embodiment, the first alkoxysilane is dimelhyldirnethoxysilane. The 

second Hlkoxysilane compound 1s dicydopentyldimethoxysi!ane, 

mcthy!cyclohexyldimethoxysilane, and/or n-propyltrinwthoxysilane. 

[00020] In an embodiment, the SCA includes an activity limiting agent The molar 

ratio of aluminum to total SCA is from 0.5:1to4:1. 

f00021 l The present disclosure provides a polymerization process. The 

polymerization process includes introducing propylene and a catalyst composition into a 

polymerization reactor. The catalyst composition is composed of a Zieg!er-Natta proeatalyst 

composition, which contains an aromatic dicarboxylic acid ester internal electron donor, an 

aluminum containing cocata!yst, and a selectivity control agent (SCA). The SCA is a mixture of 

an activity limiting agent (ALA) and a siiane composition. The process fo1ther includes 

maintaining an aluminum to total SCA ratio from 0.5:1to4:1. 

[00022) Jn an embodiment, the ALA is an Rikyi ester of C1-C30 aliphatic acid, a 

dfrther, or poly(Rlkene glycol) ester of C\-C30 aliphatic acid the aluminum to total SCA ratio is 

0.5:1to50:1. 

!_00023] In an embodiment, the polymerization process indudes introducing into the 

reactor an SCA that is a mixture of aC4-C30 aliphatic acid ester and a silane composition. 

[00024] 1.n an embodiment, the polymerization process includes introducing into the 

reactor ar1 SC/\. t11at is a n1ixture of a non-estt:r con1position and a silanc co1nposition. 

[00025] Jn an embodiment, the polymerization process includes introducing into the 

reactor an SCA that is a mixture of a first alkoxysifane, a second alkoxysiiane, and an activity 

limiting agent. 

[00026] In an embodiment, the polymerization process indudes maintaining an 

aluminum to titanium ratio of about 45: 1. The process may entail extinguishing, with the 

catalyst composition, the polymerization process when the polymerization reactor has a 

temperature greater than l 00'-'C. 

[00027] Jn an embodiment, the propylene containing polymer has a xylene solubles 

content from about 0.5% to about 6.0'% by weight. 

[00028] The present disclosure provides another polymerization process. In an 

embodiment, the polymerization proe.ess includes reacting a gas comprising propylene and a 
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catalyst composition in a polymerization reactor. The catalyst composition is composed of a 

Ziegler-Natta procatalyst composition, an internal dectron donor, fill aluminum containing 

cocatalyst, and a selectivity control agent (SCA). The SCA is a mixture of an activity limiting 

agent and an alkoxysilane composition and may be any of the SCAs described herein. The 

process fmiher includes forming a fluidized bed of polymer particles. The fluidized btod has a 

bulk density. The method includes reducing a partial pressure of the propylene to increase the 

bulk density of the fluidized bed without reactor fouling. Jn an embodiment, the process 

includes maintaining, adjusting, or otherwise controlling the ah1minum to total SCA ratio from 

0.5: l to 4: J. The catalyst composition extinguishes the polymerization process when the 

fluidized bed temperature is greater than about l 00°C. 

[00029] ln an embodiment, the process includes increasing a bulk density of the 

fluidized bed. An increase in the fluidized bulk density increases the residence time of the 

catalyst composition in the reactor. This also results in a reduction in the amount of propylene 

used as a starting material.. In other words, less propylene is required to maintain the same 

production rate. 

[ 00030] In an embodiment, the process includes introducing the gas into the reactor 

with a dew point temperature from 1°C to 10°C less than the fluidized bed temperature and 

rf..~duclng an amount of liquid propy-lene present in the reactor, 

[00031] ln an embodiment, the propylene containing polymer has a xylene solubles 

content of less than about 6% by weight or from 0.5% to 6% by weight. The propylene 

c.ontaining r~oly1ner n1a:y" also contain less tl1ai1 3p1:irn, or less than 1 pp1n, residual titu11iurn. 

[00032] The present disclosure provides another polymerization process. The 

polymerization process indudes introducing a propylene gas, an ethylene gas, and a catalyst 

composition in a polymerization reactor. The catalyst composition is composed of a Ziegler­

Natta procatalyst composition, an aromatic dicarboxylic acid ester internal electron donor, an 

aluminnrn containing cocatalyst, and a selectivity control agent (SCA} The SCA is a mixture of 

an activity limiting agent and a silane composition. The process includes maintaining an 

aluminmn to total SCA ratio from 0.5:1 to 4:land forming a propylene and ethylene copolymer. 

The propylene and ethylene random copolymer may have an ethylene content greater than about 

4 ~·'O by V.teight. 

[00033] In an embodiment, the activity limiting agent is an alkyl ester of C4-C30 

aliphatic acid, a diether, a poly(alkene glycol) ester of C4-C30 aliphatic acid, and the process 
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includes maintaining the aluminum to tolfil SCA ratio from 0.5: l to 50: l 

[00034] In an embodiment, the process includes forming spherical particles of the 

propylene and ethylene copolymer. The process may farther include eliminating or avoiding the 

formation of propylene-ethylene random copolymer particles with a "popcorn" or inegular 

morphology. 

[00035] An advantage of the present disclosme is the provision of an improved 

catalyst composition. 

[00036] An advantage of the present disclosure is the provision of a self-extinguishing 

catalyst co1npositiort 

[00037] An advantage of the present disclosure is the provision of a polymerization 

process vvith reduced reactor fouling and reduced polyn1er agglomeration. 

[00038] An advantage of the present disclosure is the production of an odor-free 

propylene containing polymer. 

[00039] An advantage of the pres(;nt disclosure is the provision of a catalyst 

composition that permits an increase in the bulk density of the fluidized bed without risk of 

reactor fouling. 

[00040] An advantage of the present disclosme is a polymerization process with 

improved productivity, an improved production rate, and good operability through the control of 

the aluminum to tota1 SCA ratio of the c.atalyst composition. 

BRIEF DESCRIPTION OF 11-J:E DRA_\VINGS 

[0004 l] Figure 1 is a relative activiiy v. temperature graph for a catalyst composition 

of the present disclosure. 

[00042] Figure 2 is a relative activity v. temperature graph for a catalyst composition 

of the present disciosure. 

[00043] Figure 3 is a relative activity v. temperature graph for a catalyst composition 

of the present disclosure. 

[00044] Figure 4 is a relative activity v. temperature graph for a catalyst composition 

of the present disclosure. 

[00045] Figure 5 is a relative activity v. temperature graph for a catalyst composition 

of the present disclosure_ 

[00046] Figure 6 is a relative activity v. temperature graph for a catalyst composition 
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of the present disclosure. 

[00047] Figure 7 is a relative activity v. temperature graph for a catalyst composition 

of the present disclosure. 

[00048] Figure 8 is a relative activity v. temperature graph for a catalyst composition 

of the present disclosure. 

[00049] Figure 9 is a relative activity v. temperature graph for a catalyst composition 

of the present disclosure. 

[00050] Figure 10 is a relative activity v. temperature graph for a catalyst composition 

of the present disclosure. 

DETAILED DESCRIPTlON 

[00051 j Any nun1erical range recited herein, includes ail values from the lower value 

and the upper value, in increments of one unit, provided that there is a separation of at least two 

units between any lovver value and any higher value. As m1 example, if it is stated that a 

(>ompositional, physical or other property, such as, for example, molecular weight, melt index, 

etc., is from 100 to l,000, it is intended that all individual values, such as 100, 101, 102, etc., and 

sub ranges, such as 100 to 144, 155 to 170, 197 to 200, etc .. , are expressly enumerated in this 

specification. For ranges containing values which are less than one, or containing fractional 

numbers greater than one (e.g., l.l, 1.5, etc.), one unit is considered to be 0.0001, 0.001, 0.01 or 

0.1, as appropriate. For ranges containing single digit numbers less than ten (e.g., 1 to 5), one 

unit is typically co11sidered to be 0.1. T'l1esc ar~: only· exan1ples ofvvl1at is specifically intended~ 

and all possible combinations of numerical values between the lowest value m1d the highest 

value enumerated, m·e to be considered to be expressly stated in this application. Numerical 

ranges have been recited, as discussed herein, in reference to density, weight percent of 

component, tan delta, molecular weights and other properties. 

[00052] The term "composition," as used herein, includes a mixture of materials which 

comprise the composition, as well as reaction products and decomposition product<> formed from 

the materials of the composition. 

[00053] The tcnn "polymer," as used herein, refers to a polymeric cornpound prepared 

by poiymerizing monomers, whether of the same or a different type. The generic term polymer 

thus embraces the term homopolymer, usually employed to refer to polymers prepared from only 

one type of monomer, and the term interpolymer as defined hereinafter. 
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[00054] As discussed above, the term "interpolyme.r," as used herein, re.fern to 

polymers prepanxl by the polymerization of at least two different types of monomers. The 

generic. term interpolymer thus includes copolymers, usually employed to refor to polymers 

prepared from two different types of monomers, and polymers prepared from more than iwo 

different types of monomers. 

[00055] The terms "blend" or "polymer blend," as used herein, mean a composition of 

two or more polymers. Such a blend may or may not be miscibie. Such a blend may or may not 

be phase separated. Such a blend may or may not contain one or more domain configurations, as 

determined from transmission electron spectroscopy. 

[00056] The present catalyst composition contains <1 Ziegler-Natta. procatalyst 

eomposition, a cocatalyst, 1md a selectivity control agent (SCA), each of which shall be 

discussed in detail below. Any conventional Ziegler-Natta procatalyst may be used in the 

present catalyst composition as is commonly known in the art. In an embodiment, the Ziegler­

Natta procatalyst composition contains a transition metal compound and a Group 2 metal 

compound. The transition metal compound may be a solid complex derived from a transition 

metal co1nJ-1ound} fOr example, tita11ium-~ zirconiu1n-~ chron)it1u1- or ·vanadiun1-

hydrocarbyloxides, hydrocarbyls, halides, or mixtures thereof. 

[00057] The transition metal compound has the general fommla TrX, where Tr is tbe 

transition metal, X is a halogen or a C 1_10 hydroc.arboxyl or hydrocarbyl group, and x is the 

number of such X groups in the compound in combination with a Group 2 metal compound. Tr 

may be a Group 4, 5 or 6 metal. In an embodiment, Tr is a Group 4 metal, such as titanium. X 

may be chloride, bromide, C1_4 alkoxide or phenoxide, or a mixture thereof. In an embodiment, 

Xis chloride. 

[00058] Nonlimiting examples of suitable transition metal compounds that may be 

used to form the Ziegler-Natta procatalyst composition are TiCl4, ZrC14, TiBr., TiCh, 

Ti(OC2Hs)1Cl, Zr(OC2Hs)3Cl, Ti(OC2H5)iBr, Ti(OCil-h)2Ch,Ti(OC6Hs)2Cl2, Zr(OC2Hs)1Cl2, 

and Ti(OC2H5)C!i. Mixtures of such transition metal compounds may be used as 'vell. No 

restriction on the number of transition metal compounds is made as !ong as at le.ast one transition 

metal compound is present. ln an embodiment, the transition metal compmmd is a titanium 

coinpound. 

[00059] Nonlimiting examples of suitable Group 2 metal compounds include 

n1agnes1u.rn halides) diaikoxymagnesiulns, aikoxy1nagnesium halides) 1nagnesiu1n oxyhalides, 
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dialkyimagnesiums, magnesium oxide, magnesium hydroxide, and carboxylates of magnesiuni. 

ln an embodiment, the Group 2 metal compound is magnesium dichloride. 

[00060] In a further embodiment, the Ziegler-Natta procatalyst composition is a 

mixture of titanium moieties supported on or otherwise derived from magnesium compounds. 

Suitable magnesium compounds include anhydrous magnesium chloride, magnesium chloride 

adducts, magnesium dialkoxides or aryloxides, or carboxylated magnesium dialkoxides or 

aryloxides. In an embodiment, the magnesium compound is a magnesium di(CH)alkoxide, such 

as diethoxymagnesium. 

[00061] Nonlimiting examples of suitable titanium moieties include titanium 

alkoxides, titanium aryloxides, and/or titanium halides. Compounds used to prepare tbe Ziegler­

Natta procatalysi composition include one or more magnesium-di(C;-4)alkoxides, magnesium 

dihalides, magnesium aikoxyhalides, or mixtures thereof and one or more titanium tetra(C,_4) 

alkoxides, titanium tetrahalides, titanium(C1.4)alkoxyhalides, or mixtures thereof. 

[00062] A precursor composition may be used to prepare the Ziegler-Natta procatalyst 

composition as is commonly known in art. The precursor composition may be prepared by the 

chlorination of the foregoing mixed magnesium compounds, titanium compounds, or mixtmes 

thereof, and may invoivc \he use of one or more compounds, referred to as "clipping agents", that 

aid in forming or solubilizing specific compositions via a solid/solid metathesis. Nonlimiting 

examples of suitable clipping agents include trialkylborales, especially triethylborate, phenolic 

c.ompounds, especially cresol, and silancs. 

[00063] In m1 en1bodin1ent, the prec.ursor conTpositio:n is a mixed mag11esimn/titaniun1 

compow1d of the fommla Mg-iTi(OR,)iXg wherein Re is an aliphatic or aromatic hydrocarbon 

radical having l to 14 carbon atoms or COR' wherein R' is an aliphatic or aromatic hydrocarbon 

radical having 1 to 14 carbon atoms; each OR3 group is the same or different; Xis independently 

chlorine, bromine or iodine; d is 0.5 to 56, or 2-4; or 3; fis 2-1.16, or 5-15; and g is 0.5-116, or 1-

3, or 2. The precmsor may be prepared by controlled precipitation through removal of an 

alcohol from the reaction mixture used in its preparation. Jn an embodiment, the reaction 

medium comprises a mixture of an aromatic liquid, especially a chlorinated aromatic compound, 

such as chlorobenzene, with an alkanol, especially etha.noi, and an inorganic chlorinating agent. 

Suitabk inorganic chlorinating agents include chlorine ckrivatives of silicon, aluminwn and 

titanium, such as titanium tetrachloride or titanium trichloride, and titanium tetrachloride in 

paiticular. The chlorinating agents lead to partial chlorination which results in a precursor 
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containing relatively high level of alkoxy component(s). Removal of the alkanol from the 

solution used in the chlorination, results in precipitation of the solid precursor, having a desirable 

morphology and surface area. The precursor was separated from the reaction media. Moreover, 

lhe resulting precursor is particularly uniform particle sized and resistant to paitide crumbling as 

well as degradation of the resulting proeatalyst. In an embodimcni, the precursor composition is 

Mgi Ti(OEt)sCh. 

[00064 J The precursor is next converted to a solid procatalyst by further reaction 

(halogcnation) with an inorganic halide compound, preferably a titanium halide compound, and 

incorporation of an internal electron donor. If not already incorporated into the precursor in 

sufficient quantity, the electron donor may be added separately be.fore, during or after 

halogenation, This procedure may be repeated one or more times, optionally in the presence of 

additional additives or adjuvants, and the final solid product washed \\~th an aliphatic solvent. 

Any method of making, recovering and storing the solid procatalyst is suitable for use ln the 

present disciosurt~. 

One suitable method for halogenation of the precursor is by reacting the 

precursor at an elevated temperature 1vith a tetravalent titanium halide, optionally in the presence 

of a hydrocarbon or halohydrocarbon diluent. The preferred tetrnvaknt titanium halide is 

titanium tetrachloride. The opiional hydrocai·bon or ha!ohydrocarbon solvent employed in the 

production of olefin polymerization procatalyst preferably contains up to 12 cai·bon atoms 

inclusive, or up to 9 carbon atoms inclusive, Exemplary hydrocarbons include pentane, octane, 

benzene, toluene, xylene, alkylbenzencs, and decahydronaphthalene, Exemplary aliphatic 

halohydroc.arbons include methylene chloride, methylene bromide, chlorofonn, carbon 

tetrachloride, 1 ~2-dibrornoethane 1 1, 1,2-trichloroethane, trichlorocyclohexane, 

dichlorofluoromethane and tetraehlorooctane. Exemplary arnmatic halohydrocarbons include 

chlorobenzene, bromobenzene, dichlorobenzenes and chlorotoluenes. The aliphatic 

halohydrocarbon may be a compound containing at least two chloride substituents such as 

carbon tetrachloride or 1, l ,2-trichloroethane. 

c1'Jorobenzene or o-chlorotoluene, 

The aromatic halohydrocaxbon may be 

[00066] The halogenation may be repeated one or more times, optionally accompanied 

by washing l'l~th an inert liquid such as an aliphatic or aromatic hydrocarbon or halohydrocarbon 

between halogcnations and foilo\ving halogenation. Further optionally one or more extractions 

involving contacting with an inert liquid diluent, especially an aliphatic or aromatic hydrocarbon, 
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or aliphatic or aromatic halohydrocarbon, especially at an e!evated temperature greater than 

l 00°C, or greater than 110°C, may be employed to remove labile species, especially Ti CL;. 

[00067] In an embodiment, the Ziegler-Natta procatalyst composition includes a solid 

catalyst component obtained by (i) suspending a dialkoxy magnesium in an aromatic 

hydrocarbon or haiohydrocarbon that is liquid at normal temperatures, (ii) contacting the 

dia!koxy magnesitun with a titanium halide and further (iii) contacting the resulting composition 

a second time with the titanium halide, and contacting the dialkoxy magnesium with a dfoster of 

an aromatic dicarboxylic acid at some point duiing the treatment with the titanium halide in (ii). 

[00068] 1.n an embodin1ent, the Ziegler-Natta procatalyst composition includes a solid 

catalyst component obtained by (i) suspending a precursor material of the fonnuia 

MgdTi(OR,)fXg (as described previous!y) in an aromatic hydrocarbon or halohydrocarbon that is 

liquid at nomial temperatures, (ii) contacting the precursor with a titanium ha.lide and further (iii) 

contacting the resulting composition a second time with the titanium halide, and contacting the 

precursor vvith a di ester of an aromatic dicarboxylic acid at some point during the treatment with 

the titanium halide in (ii). 

[00069] The Ziegler-Natta procatalyst composition indud,~s an internal electron donor. 

The internal electron donor provides tacticity control and catalyst crystallite sizing. Nonlimiting 

examples of suitable internal electron donors include aromatic dicarboxy\ic acid esters, halides 

or anhydrides or (11oly)alkyl ether derivatives thereof, especially C1•4 dialkyl esters ofphihaiic or 

tcrcphihalk acid, phthaloyl dichloride, phthalic anhydride, and C1.4 (poly)alky! ether derivatives 

thereof: In an embodiment, the internal electron donor is diisobutyi phthalate or di-n-butyl 

phthalate. 

[00070] Tbe Ziegler-Natta procatalyst composition may also include an inert support 

' 1 •r• n1at.er1a . i ne support n1ay be an inert solid which does not adversely alter the ''atalytic 

performance of the transition metal compound. Examples include metal oxides, such as alumina, 

and metalloid oxides, such as silica. 

!00071] The cocatalyst for use with the foregoing Zkgler-Natta procatalyst 

composition is an aluminum containing composition. Nonlimiting examples of suitable 

aluminum containing compositions include organoalmninum compounds, such as 

trialkylaluminurn-, dialkylaluminum hydride-, alkylalurninum dihydride-, dialkylaluminum 

halide-, alkyla.!uminumdihalide-, dialkylaluminum alkoxide-, a.'ld alkylaluminum dialkoxide­

compounds containing from 1-10, or 1-6 carbon atoms in each alkyl- or alkoxide- group. In an 
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embodiment, the cocatalyst is a C1A trialkylaluminum compound, such as triethylaluminum 

(TEA). The molar ratio ofaiurninum to titanium of from 35:1to50:i. In an embodiment, the 

molar ratio of aluminum to titanium to 45:1. 

[00072] The catalyst composition includes a seiectivity control agent (SCA). The 

SCA is a mixture of (i) one or more activity limiting agents (ALA) and/or (ii) one or more silane 

compositions. In an embodiment, the ALA is an aliphatic ester. The aliphatic ester may be a(\­

C30 aliphatic acid ester, may be a mono- or a poly- (two or rnore) ester, may be straight chain or 

branched, may be saturated or unsaturated, and any combination thereof. The C4-C30 aliphatic 

acid ester may also be substituted with one or more Group 14, 15 or 16 heteroatom containing 

substituents. Nonlimiting examples of suitable C4-C30 aliphatic acid esters include C 1•20 alkyl 

est<'rs of aliphatic C4.Jo monocarboxylic acids, C1.20 alkyl esters of aliphatic Cg.20 

monocarboxylic acids, C 1"1 ally! mono- and dicsters of aliphatic C4•20 monocarboxylic acids and 

dicarboxylic acids, C1.4 alkyl esters of aliphatic Cs.20 monocarboxylic acids and dicarboxylk 

acids, and C4.zo alkyl mono- or polycarboxylate derivatives of C2.100 (poly)glycols or C2-rno 

(poly)glycol ethers. In a further embodiment, the C4-C30 aliphatic add ester may be isopropyl 

myristate, di-n-butyl sebacate, (poiy)(alkylene glycol) mono- or diacetates, (poly)(alkylene 

glycol) mono- or di-myristates, (poly)(alkylene glycol) mono- or di-laurates, (poly)(alkylene 

glycol) mono- or di- oleates, glyceryl tri(acetate), glyceryl tri-,:ster of C2.40 aliphatic carboxylic 

acids, and mixtures thereof. In a forther embodiment, the C1-C30 aliphatic ester is isopropyl 

myristate or di-n-butyl sebacate. 

[00073] Jr1 an ernbodi1nent the i\l,~A is a no.n-ester cotnJ)OSltion. i\.s used herei11, a 

"non-ester composition" is an atom, rnolecu[e, or c.ompotmd that is fa:e of an ester timctional 

group. In other words, the "non-ester composition" does not contain the following fonctional 

group. 

0 

Ii 
tl 
ii 

R--c --o R' 

[00074] In an embodiment, the non-ester composition may be a dialkyl diether 

compound or an amine compound. The dialkyi dlefaer compound is represented by the 
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following formuia, 

R30-- CH2 -- C -- CH2-- OR4 

I 
R2 

[00075] wherein R 1 to R4 are independently of one another an alkyl, aryl or arnlkyl 

group having up to 20 carbon atoms, which may optionally contain a group 14, 15, 16, or 17 

heteroatom, provided that Ri and R2 may be a hydrogen atom. Nonlimiting examples of suitable 

dialkyl ether compounds include dimc,thyl ether, diethyl ether, dibutyl ether, metbyl ethyl ether, 

methyl butyl ether, methyl cyclohexyl ether, 2,2-dimethyl-1,3-dimethoxypropane, 2,2-diethyl· 

1 ~3-dimetl1oxyprO}Jane, 2,2-di-n-butyl- l ,3-dimethoxypropane, 2,2-diisobutyl-l ,3-

dimethoxypropane, 2-ethyl-2-n-butyl-l ,3-dimethoxypropane, 2-n-propy!-2-cydopenty l- l ,3-

dimethoxypropane, 2,2-dimcthyl-l ,3-diethoxypropane, 2-isopropyl-2-isobutyi-l ,3-

dimethoxypropane, 2,2-dicyclopentyl-1,3-dimethoxypmpane, 2-n-propyl-2-cyclohexyl-1,3-

diethoxypropaoe, and 9,9-bis(methoxymcthyl)t1uorene. In a further embodiment, the dialkyl 

ether compound is 2,2-diisobutyl-l,3-dimethnxypropane. 

[00076] In an en1bodin1ent~ the non-ester co1nposition rs an arn1ne cornpot1nd. 

Nonlimiting examples of suitable amine compounds include 2,6-substituted piperidines such as 

2,6-dimethylpipcridine and 2,2,6,6-tetramethylpiperidine and 2,5-substituted piperidines. In a 

further embodiment, the piperidine compound is 2,2,6,6-tetramethylpiperidine. 

[_00077] For ALA that contains more than one carboxylate grnups, all the carboxyla!e 

groups are considered effective components. For example, a scbacate molecule contains two 

carboxylate functional groups is considered to have two effective functional molecules. 

[00078] The SCA includes a silane composition. The silane composition may include 

one or more alkoxysilanes having the g<mera] formula: SiRm(OR'km (!) where R independently 

each occ.urrcnce is hydrogen or a hydrocarbyl or an amino group optionally substituted with one 

or more substiluents containing one or more Group 14, 15, 16, or 17 heleroatoms R contains up 

to 20 atoms not counting hydrogen and halogen R' is a C 1_20 alkyl group, and m is 0, l, 2 or 3, In 

13 
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a11 embodiment, R is C6·l2 aryl, alkyl or aralkyl, C 3•12 cycloaliyl, C3•12 branched alkyl, or Ci.12 

cyclic amino group, R' is C:A allyl, and m is l or 2. Nonlimiting examples of suitable silane 

colnpositions include dicyclopentyldimethoxysilane, di-tert wbutyldirn.etho xy silane) 

methyl c yclo hexy ldim ethoxysil am\ m ethyl.c ycloh exyldi ethoxysilane, di-n-buty ldimethoxysilane, 

ethylcyclohexyldimethoxysilane, diphenyldimethoxysilane, diisopropyldimethoxysilane, di-n-

propyldimethoxysilane, 

!:mty I dim ethoxysilane, 

diisobutyldimethoxysiiane, 

cyclopentyltrimethoxysilane, 

diisobutyldiethoxysilane, di-n-

isopropyltrimethoxysilane, n-

propyltrimethoxysilane, n-propyltriethoxysilane, ethyltriethoxysilane, tetrametl1oxysilane, 

letraethoxysilane, cyc1open t)rlpyrrolld1 nodin1 ethoxysi lane, bis(pyrro Jidino )din1 et]1ox ysilane~ 

bis(perhydroisoquinolino)dimethoxysilane, and dimethyldimethoxysilane. In an embodiment, 

the silane composition may be dicyclopentyldimethoxysilane, methylcyclohexyldimethoxysilane, 

or n-propyllrimethoxysilane, and any combination of thereof Jn a further embodiment, the 

silane composition is dicyclopentyldimetboxysilane. 

[00079] Broader molecular weight distribution (M\,VD) can be achieved using a blend 

of 2 silanes that exhibit different melt flow rates when used alone. By incorporating an ALA into 

the SCA compositions while conirolling low Al/SCA ratio, a catalyst composition that leads to 

broad MWD while gTeatly reducing the tendency of reactor fouling can be obtained. Such 

comuosition include mixtures of at least 2 alkoxvsil.anes wherein one of the alkoxvsilane y·ield . , . 

polymer with a melt flow rate at least twice as high as the another polymer formed under the 

same polymerization condition and an ALA selected from a carboxylic acid ester or a non-ester 

composition as described previously. The carboxylic add ester ALA may be an ester of an 

aromatic carboxylic acid or a derivative thernof; an aliphatic ester, or a non-ester composition. 

Nonlimiting examples of suitable aromatic carboxylic acids include C1.10 alkyl or cycloalkyl 

esters of aromatic monocarboxylic acids. Suitable substituted derivatives thereof include 

compounds substituted both on the aromatic ring(s) or the ester group with one or more 

substitucnts containing om' or more Group 14, 15 or 16 heteroatoms, especially oxygen. 

Examples of such substituents include (poly)atkylether, cycloalkylether, arylether, aralkylether, 

alkylthioether, arylthioethcr, dialkylamine, diarylamine, diaralkylamine, and trialkylsilane 

groups. The aromatic carboxylic acid ester may be a C1.2o hydrocarbyl ester of benzoic acid 

wherein the hydrocarbyl group is unsubstituted or substituted with one or more Group 14, 15 or 

J 6 hetcroatom containing substituents and C1•20 (poly)hydrocarbyl ether derivatives thereof, or 

c,.4 alkyl benzoates and C1•4 ring alkylated derivatives thereof, or methyl benzoate, ethyl 
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benzoate, propyl benzoate, methyl p-methoxybenzoate, methyl p-ethoxybenzoate, ethyl p­

methoxybenzoate, and ethyl p-ethoxybenzoate. 

[00080] !n an embodiment, the aromatic monocarboxyiic acid is ethyl p-

elhoxybenzoate. In an alternative embodiment, tbe ALA is an aliphatic ester. The aliphatic ester 

may be a C4-C30 aliphatic acid ester., may be a mono- or a poly- (two or more) ester, may be 

straight chain or branched, may be saturated or unsaturated, and any c.ombination thereof. The 

C4-C30 aliphatic acid ester may also be substituted with one or more Group 14, 15 or 16 

heteroatom containing substitucnts. Nonlimiting examples of suitable C1-C3o aliphatic acid 

esters include C1-20 alkyl esters of aliphatic C4_30 monocarboxylic acids, C;-20 alkyl esters of 

aliphatic Cs.20 monocarboxylic acids, C1_4 ally! mono- and diesters of aliphatic C4.20 

monocarboxylic acids and dicarboxyiic acids, C1_,1 alkyl esters of aliphatic C8•20 monocarboxylic 

acids and dicarboxy!ic acids, and Coo mono- or polycarboxylate derivatives of C2-100 

(poly)glycols or C2.1oo (poly)glycol ethers. Jn a further embodiment, the C4-C30 aliphatic acid 

ester may be isopropyl myristate, di-n-butyl sebacate, (poly)(alkylene glycol) mono- or 

diacetates, (poly)(alkylene glycol) mono- or di-rnyristates, (poly)(alkylene glycol) mono- or di­

laurates, (poly)(alkykne glycol) mono- or di- olcates, glyceryl tri(acetate), glyceryl tri-ester of 

C2_,10 aliphatic. carboxylic acids, and mixtures thereof In a further embodiment, the C:-Cio 

aliphatic ester is isopropyl myristate or di-n-butyl sebacate. 

[00081] In an embodiment, one of the alkoxysilanes in the mixtures is 

dicyclopentyldimethoxysilane or diisopropyldimethoxysilane while the other aJkoxysilane 1s 

selected from ethyltried1oxysilane, n-propyltriethoxysilane., diisobutyldiethoxysiiane, 

rnethylcyclohexyldiethoxysilane, di-n-butyldimcthoxysilane, tetraethoxysilanc, and 

tetrarnethoxysilar1e. 

[00082] In an embodiment, the molar ratio of aluminum to total SCA is from 0.5: 1 to 

4:1 (or any value tberebetween), or from 1:1to3:1, or from 2:1 to 3:1 or Jess than or equal to 

2.5: l. As ustod herein, tbe "SCA" or the "total SCA" is combined amount of the ALA (if 

present) and the silane composition and the non-ester composition (if present) present in the 

catalyst composition. In an embodiment, the molar ratio of aluminum to total SCA is 2.5: 1. In a 

further embodiment, the ALA is an alkyl ester of C4-C,0 aliphatic acid or a non-ester 

composition. 

[00083] In an embodiment, the molar ratio of aluminum to total SCA is from 0.5: J to 

50:1, or from 0.75:1to30:1, or l :! to 20:1 when (poiy)(alkylene glycol) ester ofC4-C30 aliphatic 

15 



WO 2009/029487 PCT/US2008/073882 

acid is the ALA. 

[00084] The Applicants have surprisingiy discovered that controlling the aluminum to 

SCA total molar ratio between 0.5:1 to 4:1 advantageously yields a catalyst system that exhibits 

high productivity with excellent operability and is self-extinguishing. Similarly, when the ALA 

is an alkyl ester of C4-C30 aliphatic acid, a non-ester ''omposition, or a (poiy)(alkylene glycol) 

ester of C4-C10 aliphatk acid and the aluminum to SCA total molar ratio is 0.5:1 to 50:1, the 

catalyst composition exhibits high productivity with excelfent operability and is self­

extinguishing. As used herein, a "self-extinguishing" catalyst is a catalyst that demonstrates 

decreased activity at a temperature greater than about l 00°C. In other words, seit~extinguishing 

is the decline of catalyst activity when the reaction temperature rises above lOO"C. In addition, 

as a practical standard, if a polymerization process, especially a fluidized bed, gas-phase 

polymerization, rnnning at nonna! proce.ssing conditions is capable of interruption and resulting 

collapse of t]l(~ bed without adversl~ consequences with respect to agglomeration of polymer 

particles, the catalyst composition is said to be "seli~extinguishing." 

[00085] As a standardized measure of polymerization activity at elevated temperatures 

for use herein, catalyst activities are adjusted to complmsate for different monomer 

concentrations due to temperature. For example, if liquid phase (slurry or solution) 

polymerization conditions are used, a correction factor to account for reduced propylene 

solubiiity in the reaction mixture at elevated temperatures is included. That is, l'ie catalyst 

activity is "normalized" to compensate for the decreased solubility compared to the lower 

ten1perattire, espec.ia1ly a 67°C standard. 1'.he !
1norrnalized 11 activity! at ten1perature T~ or .i'i.J..T, is 

defined as the measmed activity or (weight polymer/weight catalyst/hr) at temperature T, 

multiplied by a concentration correction factor, [P(67)Jl[P(T)], where [P(67)] ls the propylene 

concentration at 67°C and [P(T)] ls the propylene com,entration at temperature T. The equation 

for normalized activity is provided below. 

rpt6- J 
Normalized Activitu (A_-_I = __ , __ J_ __ 1 ... LL ..... x ActivitviT) 

"J [P(T)] '' 

!_00086] In the equation, the activity at temperature T is multiplied by a ratio of the 

propylene concentration at 67 °C to the propylene concentration at temperature T. The resulting 

normalized activity (A), adjusted for the decrease in propyicne concentration with temperature 

i11crease) n1ay be used for comparison of catalyst activities lli"1der varying tern.perature conditions. 

The correction factors are listed below for the conditions used in the liquid phase polymerization. 
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67 °C 
1.00 

85 °C 
L42 

100 °C 
1.93 

115 °C' 
2.39 

130 °C 
2.98 

PCT/US2008/073882 

145 °C 
3.70 

[00087] The correction factor assumes that polymerization activity increases linearly 

with propylene concentration under the conditions employed. The correction factor is a function 

of the soive.nt or diluent used. For exampie, the correction factors listed above are for a common 

C6.;o aliphatic hydrocarbon mixture (Isopar™E, available from Exxon Chemical Company). 

Under gas phase polymerization conditions, monomer solubility is normal.ly not a factor and 

activity is generally unconec.ted for temperature difference. That is, ac.tivity and normalized 

activity are the same. 

[00088] The "nonnalized activity ratio" is defined as Ar/A61, where Ar is the activity 

at temperature T and A67 is the activity at 67°C. This value can be used as an indicator of 

activity change as a function of temperature. For example, an Aio0/A67 equal to 0.30 shows that 

the c.atalyst activity at 100°C is only 30 percent of the catalyst activity at 67"C. lt has been 

.found that at 100 °C, an l1.w0/i\.I, 7 ratio of 35% or less yields a catalyst system theJ is sel±~ 

extinguishing system. 

[00089] Not wishing to be bound by any particular theory, it is believed that thl~ 

Al/SCA ratio of 0.5:1 to 4.0:1 provides a sufficient amount of aluminum to support tbe 

polymerization rt,action al normal polymerization temperatures. Ho·v.revcr, at elevated 

temperature (due to a temperature excursion or a process upset, for example), more aluminum 

species react with other catalyst components. This leads to an aluminum ddidency which slows 

the polymerization reaction. The alruninum deficiency causes a corresponding reduction in the 

number of electron donors complexed with the aluminum. The free electron pairs of I.he non­

complexed donors poison the catalyst system, whicl1 self-extinguishes the reaction. 

[00090] In an embodiment, the SCA is a mixture of an alkyl ester of C4-C10 aliphatic 

acid and an alkoxysiiane composition. The catalyst composition has a molar ratio of aluminum 

to total SCA from 0.5:1to4:1. The SCA includes from about 60 mole percent to about 97 mole 

percent of the C4-C30 aliphatic ester and from about 3 mole percent to about 40 mole percent of 

the alkoxysiiane composition. 

[00091] The molar ratio of aluminum to a!koxysilane may be from 120:1 to l.25: l (or 

any value there between), or 40: 1 to 1.67: l, or 20: 1 to 2.5: l, or 13: l to 5: 1. 
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[00092] The molar ratio of aluminum to C4- C30 aliphatic acid ester may be 6.7:1 to 

0.5:1 (or any value there.between), or 5.7:1to0.52:1, or 5:1to0.62:1, or 4.4:1lo0.71:1, or 5.3:1 

to 0.5:1. The molar ratio of SCA to titanium may be from about 12.5:1 to about 70:1. ln an 

embodiment, the SCA to titanium molar ratio is 30: 1. The mok ratios between various 

components of the present catalyst system are set forth below in Table l. 

Table 1 

Ai to SCA total 0.5 - 4 

SCA total to Ti 25 - 35 

Al to alkoxysilane 1.25 - 80 

~---A_l_t_o_(_:;,~1-_C~Jo~a1_'i~pl_ia_t_ic_. _e_st_e_r ____ ·-----·-··-·'"'·-0~.5-~._6. 7······················-·-····-··-· 

[00093.] In an embodiment, the C4-C30 aliphatic acid ester is isopropyl myristate, di-n-

butyl sebacate, (poly)(alkylene glycol) mono- or di-myristates, and combinations thereof, The 

alkoxysilane composition is dimethyldimethoxysilane, dicyclopentyldimethoxysiiane, 

methylcyclohexyldimethoxysilane, n-propyltrlmethoxysilane, or ('ombinations thereof. ln a 

further embodiment, the SCA indudes dicyclopcntyldimethoxysilane with either isopropyl 

myristate or di-n-butyl sebacate. 

[00094] In an embodiment, the SCA includes the C4-C30 aliphatic acid ester and an 

alkoxysilane composition that is a mixture of two or more alkoxysilanes. For example, the 

alkoxysilane composition may be a mixture of dimethyldimethoxysiiane and 

dicyclopentyldimethoxysilane, 

propyltrimethoxysilane, 

methylcyclohexyldimethoxysilane, 11-

[00095] Nonlimiting examples of suitable SCAs with mole ratios for the (4-C30 

aliphatic acid ester and the silane cmnposition are provided in Table 2 below, Catalyst 

compositions including any of the SCAs sci forth. in Table 2 are self~extinguishing with a molar 

ratio of aluminum to total SCA from 0.5: l to 4: 1. When the ALA is an alkyl ester of C4-C10 

aliphatic acid, a diether, or a poly(alkene glycol) ester ofC4-C30 aliphatic acid, and aluminum to 

total SCA ration is 0.5:1to50:1, the catalyst is self-extinguishing. 
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Selectivity PEEB 
Control (rncl~·\1) 

Agent 

A 

;--. l 
fl 

I 
c 

! 
D 

E 

F 

H 

l 

J 

" 

PEEB: ethyl p-ethoxybenzoate 
IPM: isopropyl rnyristate 

DBS 
(tnol!/O) 

95 

D: clk:yciopent)'kii rnetho;.r;ysiiane 
C: rnethylcyclohexyldirnethoxysilan'~ 
N: nnpropyltri1:nethoxysilane 
DMDMS: dirnethyldimethoxysilane 

!PM 
(mol?lo) 

95 

80 

70 

I 60 

' 87.,5 I 
95 

80 

90 

90 
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Table 2 

D c N i DMD MS Figure 
(1noi~/a) (mo1%) 

I 
(n10J~·f,) (n10!~~) 

5 l 

--5 2 

20 3 

30 4 

40 5 

12.5 6 I I 

' 5 7 I 
I 

I 20 8 

I 10 9 

3.5~3 6,5-7 10 

[00096] Figu.res 1~10 each shovv a relative activity v. ternperature graph for a catalyst 

composition incorporating SHACTM 320 and also incorporating a respective SCA of Table 2. 

TIK' data presented in Figures 1-10 was gathered from experiments carried out in a gas phase 

reactor. 

[00097] The experimental results indicate that as the Al/SCA ratio lowers, the ability 

of the catalyst composition to self extinguish increases. Moreover, as the Al/SCA ratio 

decreases, the xylene soluble content of the polypropylene also decreases. 
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Table 3 

Activity Decay with Temperature Increase for lv1ChDMS/DBS Systems 

i Exampk j Silane ALA Al/(Silane + Si lane/ALA/Ti Slhu1e/A.LA Te1np Catalyst I A(T)/A(65) XS 

~ MC!!DM~ 
ALA} (inolli::noi/rno!) (moJVii) ('C) Activity (l1/ti') {wt~<.) 

mol/mo! (kglg) I 
Al DBS 3.43 (l.521!9.86/LOO i 2.56/97,4~ 65 17.92 JOO 6.7 [: 

! 90 17.76 99 1' 

l JOO J 4.58 8i !: 
I 110 9.J l 51 I 

l --- --~--1· ! 
' I ' A2 MCHDMS DBS 2.56 0.50/19.00/1.0D I 2.56/97.44 65 l2.2J 100 4,5 I --- --·1 

90 7._60 l 62 
I 

.. - ------··-· -·---·--·:=-~:~~:-~-~· "" I ' JOO 7.93 65 

! 110 I 4.63 3S .... 
I i 120 I L-98 16 

-· --· 
A:J l\1CHI)tv1S DBS 2.56 J.l 0141.8011.GO 2.56/97 ... 14 65 19.08 100 3.9 

I 90 I lJ.83 73 I -- 1· 

' r-----~--, .. -~ !OG 10.73 . 56 I 

' ' 110 3.10 l(i I ·------ ' I 120 2,39 l3 l 

M l\-1.CHDl\1S DBS 2.05 1.38/52.26/1,00 2.56197.44 65 12.45 IDO :2,9 

! 90 4-/i7 38 

100 2.26 18 ·-
110 2.97 24 __ -! i I 120 L,_1.J 

*Each DBS has. 2 carboxyiate functional groups and therefore is counted as 2 ALA molecules. 
1.1CHDJV1S: mcthylc.yclohcxyldilnethoxysilane 
DBS: di~n~butyl schacatc 

9 

[00098] Figure J shows a relative activity v. temperature graph for the examples set 

forth in Table 3. 
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Table 4 

Activity Decay with Temperature' Increase for MCbD!VlS/IPM Systems 

Exan1ple l SHaue ALA ,-1\l/(Si!ane + Si!ane/ALA/Ti -T SHane/ALA 

I 
Ten1p 

I 
Catalyst r\(f)/A( XS 

ALA) {mnt/moJ/mol) (m-n!~IQ) ('C) Activity 65) (wt0/(.) 

mollmol I (kglg) {o/o} I i ---
Bl 

I 
MCHf.lf\1.S IPrvJ J 0.83/l 5.8.J!l .()0 5.00195.00 65 ' 23,90 100 '"' ~,; ' 

< • ...:~----..... - ------· ------··· 
90 18.76 65 

! 100 J6.2f; 56 

I ' l 10 17.09 59 

i 120 7.92 27 

I 
B2 MCHDMS l ll'M 2.8 0.89/16.96/l .OO 5.00/95.00 65 24.90 1(1(} J.7 

l 9[J 4,47 18 
··-----

I I !00 9.34 38 

I 1 JO l2.99 
,, 
-" ·-

120 2.44 to 

BJ I MCHDMS !PM 2.5 .! .00/19.001! .00 I 5.00/95.0U 65 21.34 100 3 .2 

I 90 2.26 ll 
~ 

100 129 6 
....... -. ....... 

l JO 3.23 15 

120 Q,65 3 

l\1CHDMS: methylcyciohexyl<limetboxysilane 
TP?v1· ic:An1·f\n'\1l n1vl"i1:t~tP 

u ,.._, '"'"'t''"'l-'.J' .,._, .. ..,~ ........ 

[00099] 

forth in Table 4. 

_Figure 2 shovv·s a relative activity V'. ten1perature graph for the exan1ples set 
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Table 5 

Activity Decay with Temperature Increase for DCPDMSiIPM Systems 

Ex:unple Silanc ALA I Ai/(Siianl;) + Siiane/A.L.AJTi 

I 
Si lane/ALA Ten1p I Catalyst A(1)/A(65) I XS 

I 
ALA) (mol/mo!/moi} (rnol~lll) (•C) I Activity (~.'6) , (wt~~) 

mol/mol I i (kglg) 
' I I 

i Ci i DCPDtvlS fPl\1 2.J 4.35117.39/LOO 20.00/80.00 65 22.43 lOO i 2 .. 15 

' 91) 17.77 79 I --
100 16.19 72 l 
J 10 12.38 55 ·---1 120 6.03 

,, ,, 
' 

- "--
C2 DCPDMS !Pl\1 2.l 

I 

I 

DCPI)i\.1S; dicyclopentykiunethoxysi!ane 
IPTvt isopropyI myristate 

I 
' 

5. 73/22.90/1.GO 2il.00/8(l.00 

I 

65 19.20 100 

90 ~:'.. 69 _____ ~- 82 . 
JOO 11.41 59 

110 6.34 36 

120 4.56 24 . 

[000100] Figure 3 shows a relative activity v. temperature graph for the examples set 

forth in Table 5. 
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Tabie 6 

Activity Decay with Temperature Increase for DCPD!Vl S/LPM Systems 

ExHrnpic S!ianc ALA Al/(Si!ane + 
ALA) 

rno!in1nl 

IYl .DCPDtv1S IPJ'vl '' ,:,_ . .) 

I 
L ..... 

I 
D2 DCfJDfv1S 1PM l 2J 

' I 
j 

f)3 DCPDMS IP!vl -1!' 

I 

' I 
I D4 DCPD1'AS !PM 2.0 

• 

i 
(} 1 J)CPIY!:-,.1S J 2.0 

I ' ' 
l 

! 
' . DC-PD'f\.1S: d1cyclopentyldin1cthoxys1lane 

......... •ty'ivi: rsnpi'opyrh1ytrs1a-te 

Silanc/ALA/Ti Si!aae/ALA I ~ (rnol/m-nl/mol} (mul~/ll) 

I 
('C) 

i 
J !. " 

836/J 9.5111.1!1) i 30.0G/70.00 I 65 

90 
I !00 ' l 110 ! 

i 110 - l 
13.30t3J.03/L00 30.00/70.00 65 

I 90 
' I too 

110 

!20 

9 43/22.00/LOO J0.00/70,00 65 

90 

100 

1 I 0 

I 120 

i l.08/25.85/1.00 I 30.00/70.00 65 

l 90 
I 100 

120 

25.00/0/l.OO 100.00/0 65 

90 

i 100 I 
I I 1(! 

l I 120 

PCT/US2008/073882 

{~ata!ysi A(T)/A(6S) XS 
,\.ctiv~ty (<%.) {vvtlllti} 

{kg/g) 

24.48 100 ] .94 

19.97 82 

13.85 '" , ' 
"< ,...,.~ 

f" .~ 
,, 
'" 

:L54 l•I 

21.04 JOG -ll2 .. J 
J2.D9 57 -~~~~ 

46 I 9.73 

6A9 31 

J.54 17 --i 
17.92 100 i.6 l 

tl.64 6.5 

8.59 48 ' 
4,]6 23 

2.49 14 

13 .31 100 L25 

333 25 
O .. i7 i i 
0.33 J 

18.79 100 L.53 

18.87 JOO 

9,80 I 52 

3.58 19 

2.6~: 14 I 

[000101] Figure 4 shows a relative activity v. temperature graph for the examples set 

forth in Table 6. 
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Table 7 

Activity Decay with Temperature Increase for DCl'Dlv!S/!Prvi Systems 

I Example Si!ane ' ALA ' ,<\.1/{SHiinc 4 

I ALA) 

' eno!hnol 
' 

El DCPDMS IPt1 I 2.8 I 
' ! 
I 

22 DCFDMS !PM 2.3 

I 
! 

E3 DCPD~viS fPlvl L4 

I 

-· --- ....,.,.,.,..""""""""' 

I 

I 
E4 DCPDMS IPM l.2 

I I 
I 
DCPDMS: d>cyclopentyldm1ethoxys1lane 
1p·:rv1: isoµropyl myristate 

I Si!aoe/ALA/Ti Silai1e/ALA Tg:.inp 
{n10!/n1.ol/mt)}) (n~o!~/~) (*C) 

6.43/9,64/J.OG ! 40.00/60.DG 65 

90 

i 100 

! l lO -
I !20 

7.83/J 1.74/1.00 40.GOi60.00 65 

i 90 

100 

110 

120 

J 2.86/f 9.29/l .OO 40.00/60.00 65 
90 . 
100 

110 

!20 

I -· 
15.00/22.50/LOO 40.00/60.GO 65 ._.. 

90 

100 

110 

I ! 20 

PCT/US2008/073882 

Catalyst A(T)IA(65) XS 
A.ctivity (1%1} (wt%) 
{kgig) 

34.03 I 100 I 2.32 

46.99 us -!..--
Ln84 --· 

82 I 
J:~.34 I 39 I 

'~.64 1.L._l __ 
. 
20.84 I !00 1.50 

!3.47 65 

9.70 47 I 
I 435 I 23 

I -1-31 2! 

I 1223 I 100 l.!2 

•L74 39 

5.98 49 

3.71 I 30 

2.68 l 2' 1----
! ' I 6.76 ! iOO 0.90 I 

2.83 42 I 
2.l8 ! ,, ..• --
2.40 35 

L09 ' 16 ! 

(000102] Figure 5 shows a relative activity v. temperature graph for the examples set 

forth in Table 7. 
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Table 8 

Activity Decay with Temperature Increase for DCPDMS11PM Systems 

Ex~unple Si!~n1e ALA Al/(Sil•ne+ 
ALA) 

n1ol!n:ioi 

Fl DCPD~,1S I IPM 2.5 

f 
I 

r r I 
I P2 DCPDMS !PM 23 
I ! ! 

I 

' 
F3 DC PD MS JPM 2.1 

l 
DCPDMS: dicyclopentyld1methoxysiiane 
1P!v1: isopropyi myristate 

Sil:lne/ALA.ffi SHane/ALA Tt~mp 

(m~il/mol/rnon (moill/11} ('C) 

2. 50/17 .50/LOO I 12.50/87.50 65 -· I 90 

' I 100 

I 1 JO 

I 
' 

120 

I 2.72/19,02/1,00 12.50187.50 65 

90 

100 

110 

120 

2c 98/20.83/l .OO 12.50187.50 65 

90 

100 

I JO 

120 

PCT/US2008/073882 

.. 
C1~t~a!yst A(T)IA(65) XS 
A.~tivity {{ii,) (wt~~} 

(kgig) 

--
!6.62 100 ' 

2.21 

10.29 i 62 

7.55 I " "' 
5.26 I 32 

2.29 14 

I 18.36 100 L75 

8.8] 48 

6.55 36 

3.84 l "' _, 

0.90 5 --
.,.,.__~ 

l 3.53 lGO L74 

3.20 24 
2,35 I 17 

' 
0.85 6 

; 0.21 2 

[000103] Figure 6 shows a relative activity v. temperature graph for the examples set 

forth in 'fable 8. 
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Tab.le 9 

Activity Decay with Temperature Increase for NPTMS/lPM Systems 

------ XS Exa1np!e Silane .A.LA Al/(Sil~ne + Siiane/ALAlTi Sil•ne/ALA Temp 
ALA) (1nu!lfnoihnol) (mulB;~) ('C) 
mo!/mo~ 

-. -----· 
Hi NPTf->1S H'M 3J {J.76/14.39/l.OO 5.00/95.00 65 

c .. ta1yst l A(T)/A(65) 
;-\ctivity 

1

,,l (o/O} 
(kg/g) 

·-----•---i------+-------·-----<·---+----··-·· ----.-.--- ----
32.05 ! J 00 6.10 

90 23.08 72 

' 100 19.23 60 

I I i 10 i 14.9:1 47 
l 120 
' 

2.40 8 

' l 
i 

t-----~-----+---+------t--------+-----+---__,f------·-----+----1 
24,63 l 100 't90 H2 NPTMS [Plv1 I 3.0 I 0.83/18.83/1.00 

. I -- ""'""""~---· ---------

I 
I . -

NPTMS i IPM 

I 
I 
I 

l i-!4 NPTJvrS IP!v1 

I I 

NPTMS; n-propy!tnrnethoxysilane 
lPt,1: isopropyl inyristate 

2.8 0.89/ I 6.9611.00 

2.5 J.OO!l 9.00/i .00 

I 

5.00/95.00 65 

90 
--~·~·~'7"---

I 100 12.3 l 50 

110 g 31 
______ .llQ_ 

5.00/95.00 65 23.04 JOO I .uo 
90 9.26 40 

!00 6.77 29 

l 10 5J4 23 

120 2.85 12 

S.00195.00 65 

! I 90 

i 
~ 

110 

120 

[000i04] Figure 7 shows a relative activiiy v. temperature graph for the examples set 

forth in Table 9. 
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Table ]() 

Activity Decay with Temperature Increase for NPTMS/rPM Systems 

~ 

Exa1nple SHane ;-\.LA Al/(Siiarrn + ' Sil~rie/ALAffi Siiane/ALA Teinp Catalyst XS I A(T)iA(65} j I ALA) ( n1ol/n:;ol/rnol) (rno!~lo) ('C) 

I 
Activity {~111) l (wt~11l) 

mQi/mo{ 

ll NPTI,1S !PM ! 0 0 o •• 

l 
i ! I 
c· 

I I '' 

12 NPTMS 1Pfv1 J.O 

-· - """"---~~--

13 NFT1\·1S 1P~v1 2 .. 5 

i ' 
i 

i _J__J__ 
~-~--1 ·~- i i ·-·~' 

. '"~ NP 1 JvXS: n--propyltnrr1ethoxysil~ne 
IPM: isopropyl rnyristate. 

2. 70/10.S ill.OD I 
j 

i 

3 J3/i3 JJ/i .00 i 
' 

·-

4.00116.00/l .OO 

. 

(kg/g) I 
20.00/80.00 65 i i.l ,87 i<JO ' 

90 i I 8.30 86 
' 

l 00 16.06 73 

l 10 14.01 64 

r'n kV 7.86 36 

20.00/80.00 6~ 24.48 100 
! 

90 ! 17 .55 72 i ---
100 15.51 63 

I 110 I l.43 47 -
I 120 8. 16 33 

20.00/80.00 65 21.35 100 

90 l 1.0 l 52 

I 1{)0 I l.01 52 

l IO 9.34 44 l 
l20 5.67 27 

[000105] Figure 8 is a relative activity v. temperature graph for the examples set forth 

in Table JO. 
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Table 1 J 

Activity Decay With Temperature Increase For NPTMS/lPM Systems 

ExtHll[Jfo S:ilane ALA Al/{Si!ane- + 

JJ NPTMS i IPM 

I i 

p NP'I1'v1S !PM 

I 
' '-----

' ! I 
NP r MS: n-propyltr1methoxys1lane 
lPivl: isopropy1 myrist.ate 

ALA) 
mo I/mu! 

3.4 

2J 

SDane/ALAJ1'i Silane/ALA 'Tci:np 
(moJ/niolimol) (rnof~/(J) (~C) 

i .4'}/13.24/1.00 i0,00190.00 65 
' ! 90 
' ! i!IO --·-

l 10 

I 120 

-----; 
t _g5/l.6,67/l .OO i t0.00/90.00 65 -

90 

100 

l 10 

120 

PCT/US2008/073882 

Catalyst A(T)/A(65) 
Act.iv Hy {o/s) 
(kg/g) 

20.36 100 

' 13. ls 65 .... 

8.9] 44 

1.38 9 

0.71 :; I 
I 
' i9J7 IGO 

3.73 19 

160 8 I 
0.53 3 

0.00 0 l 

[000106] Figme 9 is a relative activity v. temperature graph for the examples set forth 

in Table 11. 
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Table 12 

Activity Decay With Temperamre Increase For MChDMS!DMDMSiIPM Systems 

, EY.an1pT~-rs-cAr~--~A.2-- ALA - Ai(scAi ScA.11scA.2IAL~rr1 ~ lsc.A.1 +--·r·1~;~~1p-·i-cata1yst· -Aci')f/\.(65) "r xs 1
1 

I 
'. \ 1

-:- , (nK!-FffF)lt~nnlfn,oi) : SCl'J.2)/ALA l (°C) ! A.ctivity f%1 (wt0t~l 1 

; t i SCA2 + (rnof~1\}) 1 1 (kg;g) 1 

1 Mc11011_1s i DMil M.s_, L __ __-~J::ri2:::::r0 >:ii1}i1ii::@J:oo::::J_o-:o]i2o _Q_o -b6 s _ ~ 22 1<r::·± _, o_o~;:::: ___ ·::;,:·:-:-:~: 
\ t I 90 7 82 < 35o/o 

t~~~i:;C~=l~~~~~~;~~i.~ 
r--1<3-------~··-·· 

..... j. ········-·············-·---· 

MChDMS: n1ethylcyclohexy!dimethoxysilane 
Dt\ifDMS: dimethyldimethoxysilane 
IPM: isopropyl n1yristate 

l000107] Figure HJ is a relative activity v. temperature graph for the examples set forth 

in Table 12. 

[000108] ln an embodiment, another catalyst composition rn provided. The catalyst 

cornpositiun includes one or n1ore Ziegler-Natta procatalyst compositions ·vvith one or more 

dicarboxyllc acid ester internal electron donors and one or more alu1ninurr1 containing cocatalysts 

as d''scribed above. The catalyst composition further incladcs a selectivity control agent (SCA) 

that is a mixture of the non~ester con1position and ti1.e silane composition. 

[000109] The non-ester composition may be a dialkyl diether compound as discussed 

above. silane composition may be d1metbyldfrnethoxysilanei 

dicyclopentyldin1ethoxysilane, n1ethylcyclohexy]dilnethoxysi!ane 1 n-propyltrllnethoxysilane) or 

any con1bination thereof ~!~he r\l lo total SC~l ... ratio is frorn 0.5:1 to 4.0:1 or any value 

t.herebetween as discussed above. 

[ODO 1 J OJ Jn an embodiment, the SCA ir1cludes the piperldine compound, the silane 

composition, and any ALA as discussed above. For ex.ample, the SCA includes 2,2,6,6-
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tetramethylpiperidine, methylcyclohexyldimethoxysi.lane, and an ALA of either di-n-butyl 

sebacale, or eihyl p--ethoxybenzoate, or isopropyl myristate. 

[000111] In an embodiment, the SCA is a mixture of i) a blend of the non-ester 

''lnnposition and the silane composition and ii) an ALA. The molar ratio of the blend to the 

ALA is 5:95. The molar ratio of the non-ester composition to the silane composition is 1 :!. The 

molar ratio of Al to total SCA is 3: 1. In a further embodiment, the SCA is i) a blend of 2,2,6,6-

tetramethylpiperidine and metbylcydohexyldimethoxysilane and ii) PEEB. In another 

embodiment, the SCA is i) a blend of dicther compound and dicyclopentyldimethoxysilane and 

ii) isopropyl myristate. 

[000112] ln an embodiment, the SCA includes the dialkyl diether compound and the 

silane composition. The dialkyl diether compound may be 2,2-diisobutyl-l,3-

dimethoxypropane. The silane composition may be dimethyldimethoxysilane, 

dicyclopentyldimethoxysilane, methylcyclohexyldimethoxysilane, n-propyltrimethoxysilane, or 

m1y combination thereof. The molar ratio of the dialkyl ether compoimd to the silane 

composition may be 95:5. The Al to total SCA ratio is from 0.5:1 to 4.0:1 or any value 

therebetween as discussed above, Nonlimiting examples of an SCA with a non-ester 

composition are set forth in Tables 13 and 14 below. Polymerization reactions were ca1Tied out 

in liquid phase PPR reactors, 
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Table 13 

SCA with non-ester composition 
All(!;t'Al+scAJ.., · 
ALA) 

SCA! ..,., ..... (i:a;11YIPO!) 
TMPY MChllMS No= J.O 

1"M~ MChDMS DBS 16.1 

TMPY M""™" .... '" 
. 'l'MPY - PEE& '·' . - M"'°MS .... s.o 

SHACTM 320 catalyst was U.!led 
TMPY: 2,2,6,6-tetramethylpiperidine 

SCA.llSCA21At.AITI 
(mol/molhll(lij 

15/lS/O/I 

07:SI0,75JlS.,S/l 

0,7111),75/JB.5/l 

l.S/Mtl.$11 

Oll.512!.S/1 

MChDMS: merbylcyclohexyldimethoxysilane 
DBS: di-n-butyl seb•cate 
PEEB: er.by! p-ethoxybenzoate 

(5c.\1T 
SCM.l/ALA '=• ..... .,, 
'"""' ('C) (lqVQ/ltl') 

'""' " 4,1)1 ..... 
'" "' ,,, 
"' O.U 0.41 

'"' " .... 4.49 

'" .... ... 
'" , 'OJ2 O.J$ 

:SJ9S " ,,,. .... 
. 100 G,S6 0.71 

llS '·°' o.os 

"" 
. 

" S,ll 2.18 
100 '·" .,, 
"' ... .... 

"" " 4.!.S 3.98 

"' 0.4'2 .,. 
115 0.06 o.o.; 

Table 14 

SCA with non-ester composition 

. 

AlJ(SCI\ 
+ALA) $CNALAITi 

SCA ALA (mal/mol) (Q'lol/mollmol) 
DCPDMS None 3,5 30/0/I 

DCPDMS 018DMP l.O 1.S!.!8.Sll 

DOPDMS OIBDMP 16.7 I .St.!8.S/I 
. 

SHAOM 320 catalyst was used 
DC!'DMS: dicyclopentyldimetboxysilanc 

SCA/Al.A 
(mol%) 

IOOIO 

5195 

519$ 

DiBDMP: 2,2-di·iso-butyl-l ,3·dimetboxypropane 

T<Ro!' Activity 
("C) (kglglbr) 

67 S.80 4.42 l.89 
100 2,47 3.13 2.$0 
115 0;61 0.85 1.19 

67 2.80 3.77 2.96 
100 0.32 0.32 0.39 
115 O.l I 0.16 . 0.18 

67 6.34 4.$6 s.44 
100 0.86 1.18 1.28 
115 0.38 o.40 0.5-0 

....... ·- 4"'1!1Rt Ai:!Mty ...... .,,,,, XS '""',,.,, llli;/Blhrl ("/o) {•A.1 
5.6J s.6; 100 :'1.79 

1.97 2.65 i.ll " '·" 0.1S n,67 ,~. 

" "' .(,17 4,SS 4.85 100 1..\4 
0.74 .,, 1.44' JO 10.J(I 
0.34. Q,:Z7 ll.6S ll 

'·" J,4J J,4J IOO ... 
0.!17 0.<13 O.:il '"" 29 ..., 0.10 ,.., 

0.16 ' ~.~ J.!' J.17 "' lfi.iO 
0.17 0.22 OAl ,, .... . ... .. ,, ' J.74 '4.19 4,19 100 .... 
0,27 ll.-'11 .,, 17 
O.M 0.05 0.11 ' 

Average NornWf!td 
Activity Activity A/A67 
(kg/)l/or) (kglglllr) (%) 
4.70 4.70 . 100 
2.7G ' 5.21 Ill 
M~ 2.11 ., 
3.l B J.18 JOO 
Q.34 Q.66 21 

. O.IS 0.36 II 

4.60 5.2• 5.24 JOO 
l.22 1.14 2.19 42 
0.47 0.44 I.OS 20 

[OOOU3J · rn an embodiment, another catalyst composition is provided. The catalyst 
composition includes one or more Ziegler-Natta procatalyst compositions with one or more 

11 
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dicarboxylic acid ester internal electron donors and one or more aiuminum containing cocatalysts 

as described above. The catalyst composition fmiher includes a selectivity control agrnt (SCA) 

having a silane composition of a first alkoxysilane, a second alkoxysilane, and an ALA. The 

catalyst composition includes an Al to total SCA molar ratio of 0.5:1 to 4:1 (or <my value 

therebetwefm). When the ALA is an alkyl ester of C4-C30 aliphatic acid, a diether, or a 

poly(alkene glycol) ester ofC4-C30 aliphatic acid, the AL to total SCA ration is 0.5:1 to 50:1 for 

as ALA as discussed above. 

[000114] The silane composition may be a mixture of any two or more alkoxysilanes 

disclosed herein. The molar ratio between the first alkoxysilane to the second alkoxysllane may 

be from 9:1 to 1:9 or any value therebetween. In an embodiment, the first a1koxysilane may be 

dimethyldimethoxysilane.. diisopropyldimethoxysilane, dicyclopentyldimethoxysilane, or 

bis(perhydroisoquinolino )dimethoxysilane. The second alkoxysilane may be 

methykydohexyldimethoxysilane, tetraelhoxysilane, or n-propyltrie1.boxysilane. lt will be 

appreciated that myriad combinations of a!koxysilanes are within the scope of the present 

disclosur<'· Nonlimiting examples of suitable first a!koxysilane/second alkoxysilane 

co1n binations inc.lude diisopropyldimethoxysilane/methylcyclohexyldimethoxysilane, 

diisopropyldimelhoxysilane/tetrnethoxysilane, dicyclopentyldimethoxysi!aneitetraethoxysilane, 

dicyclopentyldimethoxysilane/methylcyclohexyldimcthoxysilane, a,1d 

bis(perhydroisoquinolino )dimethoxysilane/n-propyltriethoxysiiane. 

[000115] In an embodiment, the first alkoxysilane is dirnethyldimethoxysilane. The 

second alkoxysilane is dicyclopentyldimethoxysiiane, methylcyclohexyldimethoxysilane, or n­

propyltrimethoxysilane. ln a further embodiment, the first alkoxysilane 1s 

dimethyldimethoxysilane and the second a.lkoxysilane is methylcyclohexyldime!hoxysilane. 

[0001!6] The SCA may also include an ALA. Nonlimiting ex11mples of suitable ALAs 

include PEEl3, a C4-C30 aliphatic add ester, and a poly(ethylene)glycol coco fatly acid ester 

commercially available as S-191 from Chem Service, Inc., West Chester, PA. The SCA may 

include 5-l 00 or 5-95 mole percent of the si!ane composition and 95-0 or 95-5 mole percent of 

the ALA. 

[000i17] Nonlimiti11g examples of suitable SCAs having first and second alkoxysilanes 

are set forth in Tabks 15A and !SB below. SHAC™ 32.0 was used in each example presented in 

Tables l5A and l5B. Polymerization reactions were carried out in liquid phase PPR reactors. 
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SCA with first and second alkoxysilanes 

SCAI 

DMDMS 
DMDMS 

All(SCAI 
+SCAZ+ SCAl/SCA2/ ($CAI+ 
ALA) ALA/Ti SCA.2)/ALA SCA2 ALA (molimol) (mollmol/mol) (mol%) 

MChDMS PEEB 3.0 0.75/0.75/'1.8.5/l 5/95 
PEEB 3.0 1,5/0128.Sll 5195 MChDMS PEEB 3.0 0/1.5128.5/I 519:; 

OMDMS - D1methylcfunethoxysdane 
MChDMS - Methy(cyclohexyldimethoxysilane 
PEEB - Ethylp-Ethoxybenzoate 

Temp 
("(:) 

67 
67 
67 

Tabie 15B 

Actifllty 
(kg/g/b•) 

3;72 3.62 4.50. 
5.86 J.16 3,68 
4.61 4.18 4.7! 

SCA with first and second alkoxysilanes 

(SCA.l 
A1/(SCA1 + 
+SCAl+ SCAttsi:.AJI SCA>;) 
ALA) ALMil /A.I.A, T...,, SCA! SCA2 ALA (W.(11/mof) (DJ~ni.ollmol) (me!%) ('C) 

OMDMS M MS 3.0 1Sll510l 100/0· .7 4 . .Sf 
100 L31J 
m 0.31 

DMDMS MChDMS P~EB 3.0 o. 75/0. 71/211: . .5'1 5195 67 ;.7'. 
100 0.24 
11' 0.03 

DiPDMS Tl<OS 3.0 lll7/0ll 100/0 67 4.22 
100 n,7J .. 
115 O.i4 

DJPOM:S =· PllEB 3.0 OJl2.7fl1J1 10/90 67 2.99 
100 0.22 
ns 0.05 

D;PDMS Tf:OS S-191 16.7 O.ll2,7/l7/I 10/'IO 67 4.00 
100 0.06 

. 
115 0.06 

OCPD =· 3.0 9/21/0!1 10010 67 .3.98 
100 l.14 
llS 0.33 

ocroMS TEOS PE!!B J» 0.312..7/27/l llli90 67 J.~5 
100 0.47 
ll5 .... 

OCPDMS T~:OS S-l(H 16.7 0.l/l. 7127/l 10190 67 4.70 . 
100 0.06 
lls 0.06 

DCPDMS MChOM.S 3,0 IS/15/011 IOOiO " >IM4 
100 2.3-;i 
I IS 0.84 DCPDMS MC'h.l>MS PEEB J.0 o. 75/0,7Sl28.S/I S/9' 67 4,73 . 
100 D.60 
115 • ••• DCPDMS MChDMS S· 91 16.1 0,75/0.7.!121tS/I 5195 67 .S.l4 
II)() 0.06 
I IS 0.07 
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A~l'ify (-
s.19 
0.93 0.% 
Q.21 0.28 

J.'2 4.SQ 
0,34 0.36 
0,01 0.01 ... , 
0.89 J,0• 
0.J4 0.22 

].11 3.88 
0,26 0.31 
o.r,.i. o.os 

4.26 336 
0.06 0.06 
0.07 0.06 

4,71 
1.03 0.9-0 
0.23 0,30 

3.BS 4.J(t 
0.47 OA4 
0."08 0.07 

S.OJ :3.30 
0.06 0.01 
0.06 0.06 

.... .... 
2.26 2.5t 
0.70 0.78 
5.6(! 10.21 
0.21 0.75 
0.10 om 
5.66· 11.72 
0.06 0.06 
0.06 0.06 

A"eragc NorrttalizOO A.ve~e 
Acti'1ty Ac6rity liS 
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!11001181 The present catalyst composition further yields a polypropylene composition with high stiffuess, and high isotacticity (i.e., a low xylene solubles content). Not wishing to be bound by any particular theory, it is believed that the aluminum to SCA molar ratio results in a catalyst composition that replicates the self-extinguishing property ofthlrd generation catalysts which utilize benzoic acid esters as electron donors. Bem:oic acid esters, such as ethyl p-ethoxybenzoate (PEEB), however, impart an undesirable odor to resultant polymers such as polypropylene. While using fourth generation catalysts containing a phthalate internal donor, the present catalyst compositions may or may not contain a ben:roic acid ester. The .enibodiments of catalyst compositions without a benzoic acid ester correspondingly produce an odor-free · polypropylene. In other words, the present catalyst compositions replicate PEEB-based catalyst systems yet produce an odor-free polypropylene composition. In addition, the present catalyst compositions meet or exceed the activity of conventional fourth generation catalysts, and in general, ex:ceed the activity of the third generation catalysts. 

(OOIJU9J In an embodiment, a polymerization process is provided. The polymerization process includes contacting propylene with a catalyst composition in a polymerization reactor. ·The catalyst composition includes one or more Ziegler-Natta procatalyst compositions having one or more transition metal compounds and one or more esters of aromatic dicarboxylic acid internal electron donors, one or more aluminum containing cocatalysts, and an SCA. The SCA is a mixture of an activity limiting agent and a silane composition as previously described herein. The method includes maintaining the molar ratio of aluminum to total SCA from about 0.5;1 to 
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about 4:1 In other words, the alwninum to total SCA ratio is adjusted throughout the 

polymerization process to hold or control this ratio in the range of 0.5:1 to 4:1, or from l:l to 

3: l, or 2.5: L When the ALA is an alkyl ester of C4-C30 aliphatic acid, a die!her, or a poly(alkene 

glycol) ester of C4-C30 aliphatic acid, the Al to total SCA ratio is 0.5:1 to 50:1, or from 0.75:1 lo 

30: 1, or from l: l to 20: 1. The polymerization process further includes fom1ing a propylene 

containing polymer. 

[000120] In an embodiment, the polymerization process may also indude maintaining, 

adjusting, or otherwise controlling the a!urninum to titanium ratio at about 45: 1. Thus, the 

aluminum to SCA ratio is control.led by adjusting the amount SCA components introduced into 

the reaction while maintaining the aluminmn at a constant amount. 

[000121] In an embodiment, the polymerization process includes introducing into the 

reactor an SCA which is a mixture of a C4-C30 aliphatic acid ester and a silane composition. This 

produces a propylene containing polymer that is odor-free. 

[000122] In an embodiment, the polymerization process includes introducing into the 

reactor an SCA which is a mixture of a non-ester composition and the silane composition. 

[000123] Jn an embodiment, the polymerization process includes introducing into the 

reactor an SCA composed a first alkoxysi!am,, a second alkoxysil.ane, and an activity limiting 

agent as prev1ol1sly discussed herein. 

[000124] The propylene containing polymer fomicd by way of the polymerization 

process may be a polypropylene homopolymer or a copolymer of propylene and one or more 

cornonorners. The con1ono111er i11ay be an alp.ha-oh:fi11 having tTom 2-12 carbon ato1ns. 

Nonlimiting examples of suitable comonomers include ethylene, 1-butene, 1-hexene, 4-methyl 

pentene, 1-heptene, and 1-oetene. Consequently, the polypropylene composition may be a 

polypropylene homopolymer or a polymer with a propylene monomer and one or more 

comonomers. In an embodiment, the propylene containing polymer has a xylene solubles content 

from about 0.5% to about 6.0% by weight, or less than about 5% by weight. 

[000125] In an embodiment, the polymerization process includes extinguishing, with 

the catalyst composition, the polymerization process or reaction when the temperature in the 

polymerization reactor is greater than about l 00°C. The present catalyst composition enables 

steady-state polymerization without risk of reactor fouling, polymer agglomeration, or a run­

avvay reaction. 

[000126] The polymerization process may be a gas phase, a slurry, or a bulk 
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polymerization process, operating m one or more than one reactor. A suitable gas phase 

polymerization process indudes the use of condensing mode as we!! as super condensing mode 

\¥herein gaseous con1ponents including added inert lo\V boiling con1pot1nds are injected into the 

reactor in liquid form for purposes of heat removaL When multiple reactors are employed, it is 

dtesirable that they operate in series, that is the cfi1uenl from the first reactor is charged to the 

second reactor and additional monomer or different monomer added to continue polymerization. 

Additional catalyst or catalyst components (that is procatalyst or cocatalyst) may be added, as 

well as additional quantities of tbe SCA mixture, another SCA mixture, or individual 

alkoxysiianes and/or one or more activity limiting agents. 

[00012 7] In an embodiment, the polymerization process is conducted in iwo reactors in 

vvhich two olefins, such as propylene and ethylene, are contacted to prepare a copolymer. 

Polypropylene is prepared in the first reactor and a copol1m1er of ethylene and propylene is 

prepared in the second reactor in the presence of the polypropylene from the first reactor. 

Regardless of the polymerization teclmique employed, it is understood that the SCA., the 

pro(>ata!yst, and.for the cocaialyst thereof may be coniacted in the absence of other 

polymerization components, especially monomer, prior to addition to the reactor. in an 

einbodilnent~ the foregoing dual polymerizatio_n processes are solution polyn1erizations. 

[000128] The temperature of the polymerization reactor is from 40 to 13\l"C or from 60 

to l 00°C, or from 65°C to 80°C. The foregoing temperatures are average temperatures of the 

reaction mixture measured at the reactor wans. Isolated regions of the reactor may experience 

localized temperatures that exceed the foregoing limits. 

[000129] In an embodiment, another polymerization process is provided. The 

polymerization process includes reacting a gas comprising propylene and a catalyst composition 

in a polymerization reactor. The catalyst composition is composed of a Ziegler-Natta proeatalyst 

composition, an internal electron donor, an aluminum containing cocatalyst, and a selectivity 

control agent (SCA). The SCA is a mixture of an activity limiting agent and a si lane 

composition and may be any of the SCAs described herein. The process further inciudt's 

forming a fluidized bed of polymer particles. The fluidized bed has a bulk density, The method 

includes reducing a partial pressure of the propylene to increase the bulk density of the fluidizl>d 

bed without reactor fouling. In an embodiment, the process includes maintaining, adjusting, or 

otherwise controlling the aluminum to total SCA ratio from 0.5: l to 4:. l. When the ALA is an 

alkyl ester of C4-C30 aliphatic acid, a die!her, or a poly(alkene glycol) ester of C4-C30 aliphatk 
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acid, the AI to total SCA ratio of0.5:1 to SO:L 

[000130] In an embodiment, the reaction occurs m a fluidized bed polymerization 

reactor. A fluidized bed polymerization reactor includes a wider upper section that serves to 

separate the fluidized polymer from gas continuously circulated through the reactor. The gas 

includes propylene (gas and/or liquid) alone or in combination with a carrier gas such as 

hydrogen, nitrogen and/or a noble gas. The gas may further include a second alpha-olefin gas, 

such as ethylene gas, for the polymerization of a propyiene and alpha-olefin copolymer, The 

propylene gas may also include recirculated propylene gas and carrier gas alone or in 

combination with virgin propylene gas. 

[000131] The catalyst composition is introduced into the gas stream. The catalyst 

composition may be any Ziegler-Natta catalyst composition disclosed herein. The catalyst 

composition is introduced into the gas stream, The propylene gas and the catalyst composition 

contact and exothermically react in the reactor. The fluidized bed is fom1ed as a result of 

growing polymer particles, formed polymer particles, and a smail amount of catalyst particies 

fluidized by the continuous flow of the polymerizabie gas (i.e., the propylene gas) and optional 

modifying gasses present in the readoL The bed is fluidized by continuously passing the gas 

therethrough. The fluidized bed bas the general appearance of a dense mass of individually 

moving particles as created by the percolation of the gas through the bed. The fluidized bed is 

maintained at essentially a constant height by witbdmwing a portion of the bed as product at the 

rate of formation of the paiticulate polymer product. The rate of heat generation is directly 

related to the rate of production. 'T'hus 1 t}1e prirnary lh11itation on production rate of the f)01yrner 

is the rate at which heat can be removed from the polymerization zone. 

[000132] As used herein, "reactor fouling" is the grmvth or adhesion of polymer upon 

the reactor walls. "Reactor fouling" also oecurs when the free-flowing particles of lhe fluidized 

bed agglomerate aud form chunks within the reactor. The Applicants have surprisingly 

dis•'overed that provision of the present catalyst composition in the reactor advantageously 

permits an increase in the fluidized hulk density of the bed without reactor fouling. In other 

words, ihe bulk density of the bed may be increased without adversely impacting the fluidized 

particle distrihution of the bed. 

[000133] The bulk density of the fluidized bed is increased by reducing the partial 

pressure of the propylene in the gas and/or in the reactor. It has been found that controlling the 

aluminum to total SCA ratio from 0.5:1 to 4.0:l. When the ALA is a or alkyl ester of C4-C30 
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aliphatic acid, a diethcr, or a poly(alkene glycol) ester of C4-C 30 aliphatic acid, the Ai to total 

SCA ratio is 0.5: l (o 50: l. The present c:atalyst compositions advantageously permit the ability to 

increase the fluidized bed bulk density without risk of reactor fouling. Correspondingly, an 

increase in fluidized bed bulk density advantageously improves productivity. In an embodiment, 

the fluidized bed bulk density may be increased from about 10% to about 100% (or any value 

therebetween), or from about 20% to about 80%, or greater than 50'% to 100%. For example, a 

reactor may have a fluidized bed bulk densitv of 10 tons/cm3
. Utilization of the present catalvst . , . 

composiiion may increase this bulk density from 10 tons to about 11 tons/cm3 (10% increase) to 

about 20 tons/cm3 (!00% increase), or any value therebeiween. 

[000134] T11e ability to reduce the partial pressure of the propylene without the risk of 

reactor fouling has a further advantage. In an embodiment, the partial pressure of the propylene 

is reduced to increase the residence time of the catalyst composition in the reactor. By giving the 

catalyst more time to react with the gas, the increase in residence time correspondingly increases 

the catalyst activity 1md reactor productivity. In an embodiment, the catalyst ,:omposition 

residence time may be increased from about 10% to about 100% (or any value therebetween). 

For example., a reactor may experience a catalyst residence time of one hour. Utilization of the 

present catalyst composition (which controls the aluminum to total SCA ratio between 0.5: l to 

4:1 or 0.5:1 to 50:1 when the ALA is a or alkyl ester of C4-C30 aliphatic acid, a diether, or a 

poly(alkene glycol) ester of C4-C3o aliphatic acid), may increase the cataiyst residence time from 

about 1.1 hours (10% increase) to about 2.0 homs (100% increase). 

[000135] The ability to reduce ih<' partial pressure of the propylene without risk of 

reactor fouling has yet a fllrther advantage. In an embodiment, the partial pressure of the 

propylene is reduced without decreasing or diminishing the production rate of the polymer. In 

other words, by increasing the fluidized bulk density of the bed, less propylene starting material 

is required to produce the same amount of polymer product. For example, a reactor utilizing a 

conventional Ziegler-Natta catalyst may have a production rate of about 15 torJhour with a 

propylene partial pressure of about 28 kgil:m2
• A reactor utilizing the present catalyst 

composition may have a production rate of about 15 ton/hour and require a propylene partial 

pressure less than 28 kglii'cm2 or about 24-26 kg/f/cm2
• 

[000136] In an embodiment, the gas has a dew point temperature. As used herein, the 

"dew point temperature" is that temperature at which liquid propylene condensate begins to fonn 

in the propylene gas. The "bed minus dew temperature" is the difference between the 
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temperature of the fluidized bed and the dew point temperature of the propylene gas. 

Application of the present catalyst composition in the poiymerization process yields a l-10°C or 

greater than a 1-2°C, or a 5-6°C difference between the propylene gas dew point temperature and 

the bed temperature. 

[000137] This difference of l-l0°C, also kno'.vn as the bed minus dew value, carries 

several advantages. Reactors ernpioying conventional Ziegler-Natta catalyst systems typically 

exhibit a bed minus dew value of about 1-2°C. This l-2°C bed minus dew value resuits in an 

amount of liquid propylene being present in the reactor. The .liquid propylene serves to absorb 

heal of reaction (particularly during production spikes or production irregularities or production 

interrupt) and prevent reactor fouling. 

[000138] Use of the present cataiyst composition avoids the risk of reactor fou!Ing as 

previously discussed. Consequently, the bed minus dew value may be increased without any 

adverse impact on the rea,:tion and/or polymer. Increasing the bed minus dew value reduces, or 

wholly eliminates, the presence of liquid propylene in the reactor. This is advantageous as less 

liquid propylene present in the reactor corresponds to more propylene recycled back into the gas 

stream. lvlore recycled propylene corresponds to more propylene available for polymerization. 

Tims, reducing the amount of liquid propylene in the reactor increases the amount of propylene 

available for production thereby improving production efficiency. Moreover, a reduction, or 

eiimination, of liquid propylene in the reactor simplifies product retrieval. With the presence of 

less (or no) liquid propylene in the reactor, iess (or no) liquid propylene is lost upon isolation of 

the propylene containing polymer. Indeed, with no liquid propylene in the reactor, a separation 

process is wholly eliminated. 

[000139] The present catalyst composition yields myriad productivity and operability 

advantages. Provision of the present catalyst composition in the polymerization process: l) 

pem1its a reduction in the partial pressure of the propylene gas reducing the amount of starting 

material; 2) increases the bulk density of the fluidized bed which; 3) reduces the gas velocity 

through the reactor and increases the residence time of the catalyst; and 4) increases the 

production rate; 5) increases productivit)i; V·ll1ile 6) n1ai11tain manageal11e operability. ,1\ n these 

advantages occur without the risk of reactor fouling. 

[000140] In addition, provision of the present catalyst composition permits continued 

operation through transient times, and results in consistent reactor sleeve temperatures during 

reactor operation as no static or skin disorders form on the reactor wall. 
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[000141] ln an embodiment, the process forms a polypropylene homopolymer with 

xylene solubles conient from about 0.5% to about 6% by weight. In addition, tbe increased 

residence time of the propylene gas contributes to the formation of a propylene containing 

composition with less than 3 ppm, or less than l ppm, residual titanium. ln a faither 

embodiment, the catalyst composition extinguishes the polymerization reaction when the 

fluidized bed ten1peraiure is greater than about 1 OO"C. 

[000142] Jn an embodiment, another polymerization process is provided. The process 

includes introducing a propylene gas, an ethylene gas and a catalyst composition in a 

poiymerization reactor. The catalyst composition contains a Zicgler-Natta procatalyst 

composition, an aromatic dicarboxylic acid ester internal electron donor, an aluminum 

containing cocatalyst, and a selectivity controi agent (SCA). The SCA includes a mixture of an 

activity limiting agent and a silanc composition. The process farther includes maintaining an 

aluminum to total SCA ratio from 0.5:1to4:1, (or from 0.5:1 to 50:1 when the ALA is an alkyl 

ester of C4-C30 aliphatic acid, a diether, or a poly(alkene glycol) ester of C.1-C30 aliphatic acid), 

and forming a propylene and ethylene copolymer. 

[000143] ln an embodiment, the process includes fonning a propylene and ethylene 

rando1n copoly1ner l1:.lvi11g an ethylene c.ontent greater th.a11 about 4~10 by \Veight, or fron1 about 

4'Yo to about l()'Y,, by weight ethylene. ln yet a further embodiment, the proeess includes funning 

spherical particles of the propylene and ethylene copolymer. 

[0001441 Random propylene-ethylene copolymer particles with an ethylene content 

greater than 4% produced by conventional Ziegkr-Natta catalyst systems tend to have an 

inconsistent, irregular or otherwise "popcorn-like" morphology. Remedies to this problem 

include a reduction in the partial pressure of the propylene during polymerization. Utilization of 

the present catalyst system does not require the propylene partial pressure to be reduced to 

eliminate the "popcorn" morphology of the propylene and ethylene copolymer particles. Use of 

the present catalyst c.omposition yields spherical or nearly spherical random propylene and 

ethylene copolymer particles. 

[000145] By way of example and not limitation, examples of the present disclosure will 

now be given. 

[000146] EXAMPLES: 

[000147] A commercial SHAC™ 320 catalyst was used. Procatalyst A was made 

according to U.S. Pat No. 5,093,415. Accordingly, Mg(OEt) 2 was sltUTied in a 50/50 (vol/vol) 
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mixture of TiCl4 /MCB (monochlorohenzene) (20 liter/kilogram I>Jg(OEt}i) with DIBP 

(diisobutyl phthalate) (0,3 liter/kilogra.'11 Mg(OEt)2), After the mixture was heated at 106° C, for 

60 minutes, it was filtered, The resulting moist mass was slurried in a 50/50 (by volume) TiCl4 

!MCB mixture (20 liter/kilogram Mg(OEt)2) at J.06" C, for 30 minutes, filtered, and the process 

repeated one more time. The resulting solid was rinsed with isopentane and then dried with 

flowing wasm nitrogen, The resulting procatalyst contained 2,5 percent Ti by weight. 

[000148] Liquid Phase Polymerization in Parallel Polymerization Reactors (PPRs, by 

Symyx) 

[000149] Cataiyst particle s1ze of the catalyst powder was reduced by stirring the 

powder with a stir bar for 30-45 minutes. 

[000150] All SCAs and ALAs were diluted to 0,005 Min Isopa:r E"·1, except S-191 

which was dissoived in toluene before injection into the PPRs, TEA! was prepared in Isopar ETM 

and used as either 0.02 or OJM solutions, 

[000151] Purged PPR reactors were heated to 5(Y'C, TEAl and Isopar ETM make-up 

solvent were added to each reactor, followed by the addition of H2 to a stabilized pressure of 5 

psig. Reactors were heated to the assigned temperature (67, I 00 or l 15°C). Propylene was added 

to l 00 psig and allowed to stabilize for 10 min. To each reactor was addtod SCA or mixiure of 

SCA & SLA and a 500 ul of Isopar gTM chaser and immediately followed by the addition of 

catalyst (275 ul) and a 500 ul Isopar ETM chaser. Reactions were quenched vv:ith C02 after 60 

minutes or when the maximum relative conversion of l l 0 was reached, 

[000152] Gas Phase Polymerization: 

[000153] The reactor is a pilot scale model, 35 cm in diameter and 8.4 m in height 

The reactor contains a fluidized bed of polypropylene powder, which is fluidized by means of 

a compressor and recycle gas stream. Reactor temperature control is achieved by cooling lhe 

recycle gas strean1 by n1ea11S of an i11~line 11eat exchanger. 

[000154] Catalyst, TEAL and a selectivity control agent (SCA) or donor 

are continuously fed to the reactor, Feeds an' controlled in such a way as to 

maintain specific molar ratios of allm1imu11 to SCA and TEAL to titanium, 

[000155] Propylene, ethylene (in the ''ase of ethylene random copolymer 

production) hydrogen, and nitrogen are continuously added to maintain the targeted total 

pressure and molar ratios of hydrogen to propylene and ethy !enc lo propylene (in the case 

of ethylene random copolymer production), The total pressme and partial pressure of propylene 
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are listed in the Table as well as the hydrogen/propylene molar ratio. 

[000156] The resin product is transferred from the fluidized bed to a receiving drum 

continuously purged w.ith humidified nitrogen. 

[000157] The average residence time, based on production rate and reactor bed weight 

is approximately 2 hours. Catalyst productivity is detem1ined from titanium analysis of the 

polypropylene product. In order to compare productivities obtained at different residence times, 

the results are normalized to an average residence time of 2 hours using an experimentally 

detennincd catalyst decay constant 

[000158] Standard conditions are typically: 

resin bed height 
propylene partial pressure 
recycle gas velocity 
reactor temperatllre 
reactor pressure 

32 kg 
2,206 kPa 
0.36 n1/s 
65 °C 
2. 896 kPa, 

(000159] It sbou.ld be understood that vanous dmnges and modifications to the 

presently preferred embodiments described herein will be apparent to those skilled in the art. 

Such changes and modifications can be made without departing from the spirit and scope of the 

present disclosure and without diminishing its intended advantages. It is therefore intended that 

such changes and modifications be covered by the appended claims. 

[000160] For purposes of United States patent practice, the contents of any patent, 

pate11t a1Jplication or pttblication. referenced herein are l1ereby incorporate.d by reference in. thej_r 

entirety herdn, especially with respect to the disclosure of stmctures, synthetic teclmiques and 

general knowledge in the art. rt should be understood that various changes and modifications to 

the presently prefe1Ted embodiments described herein will be apparent to those skilled in the art. 

Such changes and modifications can be made without departing from the spirit rmd scope of the 

present disclosure and without diminishing its intended advantages. !t is therefore intended that 

such changes and modifications be covered by the appended claims, 
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What is claimed is: 

1. A catalyst composition comprising: 

one or more Ziegler-Natta procatalyst compositions comprising one or more transition metal 

compounds and one or more esters of aromatic dicarboxylic acid internal electron donors; 

one or more aluminum containing cocatalysts; and 

a selectivity control agent (SCA) comprising a mixture of i) an activity limiting agent (ALA) of 

isopropyl myristate, and (ii) a silane composition of a first alkoxysilane, and a second 

alkoxysilane, wherein the molar ratio between the first alkoxysilane to the second alkoxysilane is 

from 9: I to l :9, and a molar ratio of aluminum to total SCA from 0.5: I to 4: I. 

2. The catalyst composition of claim 1 wherein the molar ratio of aluminum to total SCA is 1: 1 

to3:1. 

3. The catalyst composition of claim 1 wherein the silane composition comprises 

dicyclopentyldimethoxysilane. 

4. The catalyst composition of claim I wherein silane composition is a mixture of 

dimethyldimethoxysilane and a member selected from the group consisting of 

dicyclopentyldimethoxysilane, methylcyclohexyldimethoxysilane, and n-propyltrimethoxysilane. 

5. The catalyst composition of claim I wherein the SCA comprises 60-97 mole percent of the 

isopropyl myristate and 3-40 mole percent silane composition. 

6. The catalyst composition of claim I wherein the polymer formed from the catalyst 

composition does not have an odor. 
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7. The catalyst composition of claim 1 comprising dicyclopentyldimethoxysilane and the second 

alkoxysilane is selected from the group consisting of methylcyclohexyldiethoxysilane, n­

propyltriethoxysilane, tetramethoxysilane, tetraethoxysilane, di-n-butyldimethoxysilane, and 

diisobutyldiethoxysilane. 

8. The catalyst composition of claim 1 comprising dicyclopentyldimethoxysilane and the second 

alkoxysilane is selected from the group consisting of ethyltriethoxysilane, n­

propyltriethoxysilane, diisobutyldiethoxysilane, methylcyclohexyldiethoxysilane, di-n­

butyldimethoxysilane, tetraethoxysilane, and tetramethoxysilane. 

9. The catalyst composition of claim 1 comprising dicyclopentyldimethoxysilane and n­

propyltriethoxysilane. 

10. The catalyst composition of claim 1, wherein the first alkoxysilane is a dimethoxysilane and 

the second alkoxysilane is an ethoxysilane. 
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